Background: Patellofemoral Pain (PFP) is considered one of the most common forms of knee pain. Increased frontalplane knee motion during dynamic activities may play a role in the development of PFP due to alterations in joint loading at the patellofemoral joint and increased stress on the periarticular structures of the patella.
Introduction
PATELLOFEMORAL Pain (PFP) is defined as pain around or behind the patella aggravated by activities that increase loading and compressive forces of the patellofemoral joint such as squatting, ascending and descending stairs, jumping, or running [1, 2] . It is also known by such terms as anterior knee pain or patellofemoral dysfunction [3] .
Correspondence to: Dr. Rana S. Youssif, The Department of Musculoskeletal Disorders and their Surgeries, Faculty of Physical Therapy, Badr University, Egypt PFP is considered one of the most common forms of knee pain, affecting adults, adolescents, and physically active populations [4] . PFPS has been estimated to affect as many as 56% of the active population [5] , with females are likely to develop it twice as males [6] . A valid initial diagnosis of PFP is vital for early appropriate management and prevent the persistence of symptoms [1] .
The diagnosis of PFP is mainly based on patients' history elements and physical examination tests, because there are no specific imaging findings either on radiographs or on magnetic resonance imaging to confirm PFP [7] . PFP patients have changes in the alignment between the lower extremity and the trunk, especially during weight-bearing activities [8] [9] [10] . This misalignment reduces the contact area of the patella with the femur, and increase pressure exerted on retro patellar cartilage [10] . Despite the causes of pain are little known, it is suggested that local factors (knee joint), proximal (hip joint and trunk) and distal (ankle joint and foot) are directly related [2] .
Dynamic frontal-plane motion has been described as a combination of joints motion including the ankle, hip, and knee [11] . Altered frontal and transverse plane hip kinematics during single leg weight-bearing tasks are thought to be important contributors to Patellofemoral Pain (PFP) [12] . In this step down test, the FPPA is measured from a digital image of the lower extremity taken during the descent phase of a single-leg squat. Willson 
Participants and methods:
This study was conducted in the outpatient clinic of the Faculty of Physical Therapy, Cairo University, Egypt. The study extended from October 2017 to September 2018. The aim of the study was to compare the frontal plane projection angle during step down test between subjects with and without Patellofemoral Pain Syndrome (PFPS).
Ethical approval to conduct the research was obtained from the Ethical Committee of Faculty of Physical Therapy, Cairo University, Egypt No: P.T. REC/012/001676-10/9/2017.
Participants:
A total of 31 patients and 45 healthy subjects were assessed for eligibility criteria. From them, 11 patients and 25 healthy subjects were excluded. Patients were excluded because they did not meet the inclusion criteria (n=4), refused to participate (n=7). Healthy subjects were excluded because they did not meet the inclusion criteria (n=5), refused to participate (n=20). A total of 40 participants entered the study: 20 patients with chronic PFPS and 20 healthy subjects with a range of age (18-35 years) . Patients were consecutively recruited from those referred by a physician for physiotherapy because of PFPS. Healthy subjects were recruited from the general population. 
Sample size calculation for comparison of the

Subjects and Methods
Inclusion criteria:
Patients included in the study were required to have anterior or retropatellar knee pain from at least 2 of the following activities (1) Prolonged Sitting; (2) Stair climbing; (3) Squatting; (4) Running; (5) Kneeling; and (6) Hopping/jumping, to have PFPS for more than 3 months, and Body Mass Index (BMI) below 30kg/m 2 . Additional inclusion criteria for subjects with PFPS were symptoms associated with the therapist performing compression of the patella into the femoral condyles [14,15] . Lastly, subjects with PFPS were required to report greater than 3 on a visual analogue scale. Subjects in the healthy control group were required to be free of lower extremity symptoms.
Exclusion criteria:
Participants were excluded if they reported any of the following conditions: meniscal or other intraarticular pathologic conditions; cruciate or collateral ligament involvement, traumatic patellar subluxation or dislocation, previous surgery in the lower extremities within the 12 months prior to participation in the study, balance impairments secondary to a vestibular or neurological disorders, or secondary to the use of medication, and lower limb bony/congenital deformity.
Procedures:
Demographic data were collected from all subjects regarding age, weight, height, and BMI. Participants have signed an informed consent after being familiarized with the objectives, procedures of the study, privacy and use of data. All subjects were evaluated by a single examiner with more than 5 years of clinical practice. In cases of bilateral symptoms, the most symptomatic lower extremity was chosen for analysis. The measured lower extremity for the subjects in the healthy control group was chosen randomly.
Prior to testing, markers were placed on the lower extremity of each subject at the midpoint of the femoral condyles, the midpoint of the ankle malleoli, and on the proximal thigh along a line from the Anterior Superior Iliac Spine (ASIS) to the knee marker. Markers were used to determine joint centers as it had been shown to increase intraand inter-rater reliability in comparison to the manual digitization of joint centers via video [16] .
From a frontal view, FPPA was measured as the difference from a vertical line (180 degrees) [17] . In another words, when the knee marker was medial to a line from the ankle marker to the thigh marker, the FPPA was positive. The FPPA was negative if the knee marker was lateral to a line from the ankle marker to the thigh marker [18] . This method of angle calculation was matched with Räisänen et al., (2018) [19] , in which he stated that FPPA was calculated as the intersection of a line created by the ASIS and knee joint center and the line created by the knee joint center and the ankle joint center. Neutral alignment was considered 0º, positive values represented valgus alignment and negative values represented varus alignment.
Subjects stood double legged on the step with height 20cm. Participants were asked to step down with the untested leg and squatting with the tested leg Fig. (1) . The timing of this task was standardized to two seconds for the descent, one second for the toe to touch the ground and two seconds to return to the start, and monitored with a timer. Participants were allowed to perform three trials before the test; subjects received verbal instructions on the performance of step-down without specific directions on the knee and hip alignment [20, 21] .
The digital camera placed anterior to subject at a distance from a step of 2m, at the height of the knee joint in single-leg stance [22] . It was fixed on a tripod to minimize the camera shake to obtain clear pictures. Examiner was edited the video using Kinovea software, place tracking markers on the person's leg, start the analysis, export data to a spreadsheet, find a position, velocity, and acceleration, with this same data find the inverse kinematics of the leg and then graph the results. It's a valid and reliable method of ROM assessment [23] [24] [25] . 
Statistical analysis:
Descriptive statistics and t-test were conducted for comparison of mean age, weight, height, BMI between both groups. Normal distribution of data was checked using the Shapiro-Wilk test for all variables. As FPPA showed nonnormal distribution they follow nonparametric statistics in their comparison. Chi-squared test was conducted for comparison of sex distribution between both groups. Mann-Whitney U-test was conducted for comparison FPPA between both groups.
All statistical tests were performed through the Statistical Package for Social Studies (SPSS) Version 19 for Windows (IBM SPSS, Chicago, IL, USA). With the initial alpha level set at 0.05.
Results
Twenty subjects with PFPS and 20 healthy subjects were included in this study. With their mean ± SD age was 25.5 ±3.45 years, 24.85 ±6.07 years respectively.
Patients' anthropometric characteristics were (mean ± SD) height, weight, and BMI were 66.75 ± 12.59kg, 167.3 ± 8.79cm and 23.68±3.22kg/m 2 respectively. Healthy subjects' anthropometric characteristics were (mean ± SD) height, weight, and BMI were 67.45 ±8.9kg, 167.65±7.77cm and 24 ± 2.41kg/m 2 respectively. An unpaired t-test found , p=0.73) . The characteristics of PFPS and control groups are summarized in ( Table 1 ).
The sex distribution of the PFPS group revealed that there were 12 females with reported percentage of 60% while the number of males was 8 with reported percentage of 40%. The dominance of females in the sample is typical of the population of people with PFPS. The sex distribution of normal group revealed that there were 10 females with reported percentage of 50% and the number of males was 10 with reported percentage of 50% as shown in (Table 2 ) and demonstrated in Fig. (2) . There was no significant difference between both groups in sex distribution (p=0.52).
Comparison of FPPA between the affected side of PFPS group and normal group, the median FPPA of the affected side in the PFPS group was 4 while in the normal group was 5, there was no significant difference in the median value of FPPA between the right and left sides (p=0.25) in the normal group. There was no significant difference in the median value of FPPA between the affected side in the PFPS group and the normal group (p=0.72) ( Table 3) , Fig. (3) . 
Discussion
The study hypothesis stated that there would be no difference between the frontal plane projection angle during step down test in subjects with and without Patellofemoral Pain Syndrome (PFPS). The results of this study accept this general hypothesis as there was no difference between the frontal plane projection angle during step down test in subjects with and without Patellofemoral Pain Syndrome (PFPS).
The results of the current study disagreed with the results of Willson et al., [13] in which he found that subjects in the PFPS group demonstrated FPPA measures representative of a more medial position of the knee during single-leg squats by 4.1. Some of this difference between groups may be due to a more medial position of the knee at the start of the single-leg squat. They explained this difference between groups for two reasons. First, it was likely due to differences in starting position between groups, in which the individuals in the PFPS group were slightly in more medial single-leg stance. Second, was that the differences in hip strength between groups. The difference between our result and this study may be due to the difference in the PFPS group X -± SD Affected Normal Umedian median value applied activity as they choose single leg squat that needs more balance than step down test used in our study.
Patients who present with PFPS from lateral patellar tracking exhibit greater lateral translation and patellar tilt during weight-bearing conditions compared to non-weight-bearing conditions [26] . One biomechanical explanation has attributed lateral patellar maltracking to excessive dynamic knee valgus associated with weak hip abductor muscle strength [27] . This commentary suggested that ipsilateral hip abductor muscle weakness leads to compensatory elevation at the contralateral pelvis. As this happens when viewed in the frontal plane, the ground reaction force vector moves closer to the ipsilateral hip joint center creating an external knee valgus movement during single-leg support. Levinger and his colleagues have demonstrated that patients with PFPS present greater dynamic knee valgus than do controls without PFPS during performing single leg squat [28] .
Several functional tests to measure FPPA at dynamic conditions can be found in the literature. Most-widely used ones are single leg squat [13] , drop vertical jump [11] , drop landing [29] and single leg landing [30] , as they simulate real movements and interactions produced during sport practice.
Step down test (used in present study) is considered to be less commonly used in the FPPA measurement, although it simulates function (descend stair) that cause major problems to subject with PFPS.
Herrington, [29] investigated the Frontal Plane Projection Angle (FPPA) during Single Leg Squatting (SLS) and hop landing (SLL) tasks in 12 females patients with PFPS and compare their performance to 30 females control and the uninjured limb. They found that in the asymptomatic control group the mean FPPA for SLS was 8.4 ±5.1º and SLL had a mean FPPA of 13.5 ± 5.7º. In the PFPS group, the mean FPPA for SLS was 16.8 ±5.4º and SLL had a mean FPPA of 21.7 ±3.6º, these differences were significant ( p<0.01) for both tasks. In other words, patients with PFPS have a greater degree of knee valgus on unilateral limb loading task than either their contralateral asymptomatic limb or an asymptomatic control group. His findings disagreed with the results of the present study may be due to the homogeneity in their sample that was restricted only to female subjects, and using different functional task.
Conclusion:
PFPS is not linked to altered FFPA during step down task, these findings suggest that assessment of lower extremity kinematics in clinical practice need 3-D motion analysis not only one plane assessment.
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